Objective: The 24 h dietary recall is a widely used method to estimate nutritional intakes in epidemiological studies. The objective of the present study was to estimate the number of recalls necessary for an accurate estimation of nutrient intake in French adults followed for 4 y. Subjects and methods: Participants of the SU.VI.MAX study (intervention study on the effects of antioxidant supplementation on chronic diseases) who completed a 24 h dietary recall every 2 months for at least 1 y. Inter-and intra-individual variance ratios (S w =S b ) were calculated by analysis of variance for two time periods: year 1 and 2 (n ¼ 4955) and year 3 and 4 (n ¼ 1458). The number of recalls necessary was calculated using an accuracy of 0.9. Results: The highest intra-individual=inter-individual variance ratio in the first period was seen for b-carotene and the lowest for carbohydrate. The number of recalls necessary was five for carbohydrate and calcium intake and 16 for b-carotene. For proteins, total and saturated fat, fibre, vitamin C and iron eight recalls were required, while nine, 11 and 10 recalls were necessary for mono-and polyunsaturated fat and vitamin E, respectively. The variance ratios in the second period were all lower and fewer recalls were therefore required. The same difference in number of recalls required between the two time periods was observed when only those subjects were included who completed at least 18 recalls (n ¼ 727). Conclusion: These results indicate that for an accurate estimation of carbohydrate intake only, already five recalls are necessary. Fewer recalls may be needed during long-time follow-up. Sponsorship: The SU.VI.MAX Study has support from public and private sectors: Fruit d'Or Recherche, Candia, Lipton,
Introduction
Many large epidemiological studies use a 24 h recall to estimate habitual dietary intake for the evaluation of relationships between diet and disease. A 24 h recall is relatively easy to administer and low in cost. Sometimes two or three recalls per subject are taken for dietary assessment, but often only one. Two decades ago, Block (1982) described in a detailed review on dietary assessment methods that a single 24 h recall is not an appropriate tool for assessing the habitual diet of an individual, even though this method classifies individuals to the same extent within the distribution as food-frequency questionnaires (Bingham et al, 1994) . A considerable reduction in power can occur when using a single 24 h recall, especially if the study sample is small (Liu et al, 1978) . Previous studies in Canada, UK, USA and Scandinavia have calculated how many recalls are needed for an accurate assessment of habitual dietary intake (Basiotis et al, 1987; Bingham et al, 1981; Nelson et al, 1989; Wassertheil-Smoller et al, 1993) . These studies have shown different results with respect to the number of days needed for an accurate estimation of, for example, energy intake. Basiotis et al (1987) reported that three dietary recalls were necessary in men, while Nelson et al (1989) calculated a need of four recalls, Bingham et al (1981) five recalls and Wassertheil- Smoller et al (1993) seven recalls. The latter study also observed that differences exist in number of recalls required between a Caucasian and African-American population and between the same populations from different regions in the USA (Wassertheil-Smoller et al, 1993) . Apparently the number of recalls needed may differ between populations, due to different eating habits.
The variability in food intake in France is in general higher than in the Anglo-Saxon countries where the abovementioned studies have been carried out. A higher variability may change the number of recalls necessary for estimation of nutrient intake. The objective of the present study was to calculate the number of recalls needed for an accurate estimation of habitual diet in a French population. This information can be useful for researchers planning to perform epidemiological studies with collection of dietary intake data, to be related to biological variables.
Subjects and methods

Subjects
Subjects were participants of the SU.VI.MAX study, an ongoing randomised double-blind placebo-controlled primary-prevention trial designed to evaluate the effect of daily antioxidant supplementation (vitamin C, vitamin E, b-carotene, selenium and zinc) at nutritional doses on the incidence of cancer and ischaemic heart disease. The cohort consists of women initially aged between 35 and 60 y (mean 46.4, s.d. 6.7) and men aged between 45 and 60 y (mean 51.1, s.d. 4.7). Subjects were invited to participate by a multimedia campaign in the whole of France. Potential subjects received detailed information on the study and performed a self-test of acceptability of the daily supplement. In total 12 735 subjects were included at baseline in 1994 and are being followed up for 8 y. Details on recruitment and study design have been described earlier (Hercberg et al, 1998) . For the present analyses only those subjects, who completed at least one full year of dietary recalls, were included (n ¼ 4955).
The SU.VI.MAX Study has been approved by the ethical committee for studies on human subjects (CCPPRB no. 706) of Paris-Cochin Hospital, and the 'Comité National Informatique et Liberté' (CNIL no. 334641), which advocates that all medical information is confidential and anonymous.
Dietary assessment
Subjects kept a 24 h recall every 2 months, for a total of six recalls per year. They kept the recall randomly for two weekend days and four weekdays per year, so that each day of the week was covered in all seasons for the mean intake of all participants. Information was collected using the Minitel Telematic Network. The Minitel is a small terminal widely used in France as an adjunct to the telephone. At the beginning of the study, participants received free of charge a tiny central processing unit specifically developed for the study and loaded with specialised software that allows subjects to fill out the computerised dietary recall off-line and to transmit data during brief telephone connections. Conversational facilities of the software and an instruction manual for codification of foods guided the participants during the completion of the recalls. The manual contains photographs showing portions in three sizes. Subjects can choose a portion size indicated exactly by one of the three pictures or a size intermediate (between the first and the second, or between the second and the third picture), or less than the first picture, or more than the last picture, so that seven choices are available to indicate the consumed portion. Photos of portion sizes were previously validated using 780 subjects in a pilot study (Le Moullec et al, 1996) . Data on variables such as cooking methods, seasoning, types of foods (fresh, frozen, canned etc) and place and time of consumption were also collected.
Data analyses
Intakes of energy, proteins, carbohydrates, total, saturated, mono-and polyunsaturated fat, cholesterol, fibre, vitamin C, vitamin E, b-carotene, iron and calcium were calculated from food consumption using the French computerised food composition table CIQUAL (Feinberg et al, 1991) .
We presumed that eating habits of subjects may have changed over a time-span of 4 y. Therefore, all analyses were performed for two time-periods, the first and the second year of follow-up combined and the third and the fourth year combined. To be included for the analysis, each subject had to have at least 1 y of recalls complete in the time-period of concern. This means that for each time period different people were included as not everyone completed six recalls every year; n ¼ 4599 in the first time period and n ¼ 1458 in the second time period.
Intra-and inter-individual variances in nutrients were calculated by analyses of variance. The number of recalls necessary to estimate nutrient intake accurately was calculated using the following formula:
where D is the number of recalls, r is the unobservable correlation between the observed and true mean nutrient intakes of individuals over the period of observation (indicating the level of accuracy of ranking) and S w and S b are the within-and between-subject variances. For the present analyses r is assumed to be 0.9, which would mean that less than 0.1% of the subjects would be misclassified in the extreme fraction, opposite to the true intake when nutrient intake would be divided into quintiles (Nelson et al, 1989) . After 
Results
Intra-and inter-individual variances were in general higher in men than in women (Table 1) . For all nutrients the intraindividual variance was lower, while the inter-individual variance was higher in the second period than in the first period in women as well as in men. This led to lower intraindividual=inter-individual variance ratios in the second time period when compared to the first ( Table 2 ). The lowest ratios were seen for carbohydrate and calcium in women and for carbohydrate in men in the second timeperiod. The highest ratios were seen in the first time period for b-carotene, followed by cholesterol. The lowest ratio was seen in the first time period for carbohydrates, and the highest ratio in the second time period was again seen for b-carotene. Accurate assessment of carbohydrate intake needs no more than four recalls in men and five recalls in women for the first time-period ( Table 2 ). The most difficult nutrient to estimate is b-carotene with 15 recalls for men and 16 for women. The number of recalls necessary for accurate nutrient intake estimations was lower for all nutrients in the second time-period. There were in general no extreme differences between women and men. The decrease in the intra-individual variance and the increase in the inter-individual variance in the second time-period may be due to the fact that in the second time period only those subjects were left who completed each recall over at least 3 y (a part of the subjects stopped completing them after 1 or 2 y). Those subjects who continued may be more precise when completing the recalls, which would lead to a lower intra-individual variance. To take this problem into account we repeated the analyses with only those subjects who completed at least 18 recalls. In this subpopulation (n ¼ 727) the intra-individual variances decreased and the inter-individual variances increased in the second time period also, although the differences were not as strong as for the total population (Table 3) . For cholesterol and b-carotene intra-individual=inter-individual variance ratio in men was even slightly higher in the second time period, while all the other ratios were lower (Table 4) . This was reflected in the number of recalls required for an accurate dietary assessment; in general fewer recalls were needed in the second time period, except for cholesterol and b-carotene in men (Table 4) . n ¼ 2922 for women and 2033 for men in year 1 þ 2 and n ¼ 863 for women and 595 for men in year 3 þ 4.
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The mean nutrient intakes were calculated using the number of recalls necessary, described in Table 2 . A minimum of six recalls was used for each year to avoid effects of season and days of the week, thus either six or 12 recalls were used, depending on the number needed. The intake of most nutrients decreased steadily over the 4 y of study (Table 5) . Carbohydrate intake was highest in the second year. For men vitamin C and b-carotene intake was highest in the fourth year, while calcium intake was highest in the second year. It has to be noted, however, that the number of subjects was not the same for each year. To observe the true differences in nutrient intakes between the 4 y of the study we have calculated them for those subjects who completed at least 18 recalls. There was not much difference between the mean intake for the total population and the subsample (Table 6 ). In general, again, energy and nutrient intake declined over the 4 y. The only exception was vitamin C intake in men, which was highest in the last year.
Discussion
The results of this study have shown that, for assessment of habitual dietary intake using 24 h dietary recalls with an accuracy of 0.9, at least 8 days are necessary for most of the nutrients. Energy intake and carbohydrate intake can be estimated using less recalls, but some other nutrients, like b-carotene need up to 16 recalls. When dietary recalls are completed regularly during a long-term follow-up, fewer recalls are needed.
All subjects received a schedule for the days they had to complete the dietary recalls. This means that during the day of the recall they were aware that they had to record what they were eating the next day. This may have caused some people to modify their food habits, either to make recording easier, or to please the investigators, although the latter is unlikely since data were transmitted electronically and no interviewer was involved. If this error occurred in many subjects, it may have decreased the intra-individual variability and thereby the number of recalls necessary for an accurate estimation.
The intra-and inter-individual variation was in general larger in men than in women. However, as both were higher, the ratio was for most nutrients somewhat lower in men, leading to a lower number of recalls needed for half of the nutrients. This means that it is easier to show a relationship between these nutrients and cardiovascular disease for example in men than in women. Computerised 24 h dietary recalls LI Mennen et al 
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The intra-individual=inter-individual variance ratio for energy intake in our study was comparable to those found in previous studies in which the ratios ranged from 0.83 to 1.6 (Beaton et al, 1983; Hartman et al, 1990; Hunt et al, 1983; Nelson et al, 1989; Sempos et al, 1985; Wassertheil-Smoller et al, 1993) . Only in two studies was the ratio divergent, 0.65 in the study by McAvay and Rodin (1988) and 2.23 in the study by Tangney et al (1987) . In both these studies, however, the calculations were based on log transformed data. For macronutrients the differences between studies were limited, but for micronutrients the differences in ratios were more important. McAvay and Rodin (1988) observed in women, for example, an intra-=inter-individual variance ratio for iron of 0.56, while Sempos et al (1985) found a ratio of 2.3. The ratios for iron that we observed were not far from those observed by Beaton et al (1983) , being 1.6 in women and 1.3 in men.
When comparing studies on the number of recalls necessary for an estimation of intake with 90% accuracy, again differences were smaller for macronutrients than for micronutrients (Basiotis et al, 1987; Beaton et al, 1983; Bingham et al, 1981; Nelson et al, 1989; Sempos et al, 1985) . The difference in number of recalls needed for accurate estimation of vitamin C was striking; 19 recalls were needed in women according to Basiotis et al (1987) , while seven recalls would suffice according to Nelson et al (1989) and according to our results. The difference in within-subject variance between nutrients largely depends on the food sources for each specific nutrient. As seen in previous studies (Beaton et al, 1983; Bingham et al, 1981; Marr & Heady, 1986; McAvay & Rodin, 1988; Nelson et al, 1989) , nutrients found in most foods, such as carbohydrates, protein and fat, show lower intr-aindividual coefficients of variation than nutrients which are present in a few foods in large amounts, of which b-carotene is a good example. In the present study, for example, the within-subject variability for calcium is rather low. This may be explained by the relatively high consumption of dairy products, such as cheese and yoghurt, on a daily basis in France. This implies that discordance in intra-individual variation between studies will probably be due to diversity in eating habits among different cultural groups or countries, as has been observed by WassertheilSmoller et al (1993) . It has to be noted in this respect that in France the variability in foods eaten in general is larger than in Anglo-Saxon countries, where most of the previous studies have been carried out.
To our knowledge only one other study compared ratios of intra-and inter-individual variance between two time periods. Sempos et al (1985) collected dietary data by a 48 h record every month during two consecutive years. In contrast to our results, they did not observe a difference in the ratios between the 2 y, and if there was any the ratio was higher in the second year. This seemingly contradictory result may be due to differences in design. Sempos et al compared variances between two consecutive years and used a specially designed food record, whereas we compared variances between two time-periods of 2 y each and used a food recall.
Not every subject managed to complete all the bimonthly 24 h recall during 4 y. In fact about half of the subjects stopped the completion after 2 y. Thus, when observing lower intra-=inter-individual variance ratios in the second time period, we assumed that this was caused by the fact that those subjects who continued completion during all the 4 y, would be more precise. However, when repeating the calculations in the first and second time period only for those who had at least 18 records completed, the same pattern in ratios was seen. We must therefore conclude that the decrease in within-subject=between-subject variance ratio is probably due to the fact that subjects become accustomed to completion of the records, and are therefore more accurate.
The level of accuracy chosen in the present study to calculate the number of recalls necessary was 0.9, which represents the correlation between the true and estimated nutrient intake. A correlation between the true usual intake and the estimated intake of 0.9 would result in correctly classifying 75% of those persons who are truly in the extreme quintiles of energy intake and grossly misclassifying less than 0.1% into the extreme quintile, thus attenuating a relative risk of 3.0 -2.6 (Hartman et al, 1990; Nelson et al, 1989) . This accuracy is very important when evaluating nutrient intakes in relation to disease risk. When in the female participants of the SU.VI.MAX study, data from a single recall was used instead of six, the accuracy would drop from 0.9 to 0.66. Furthermore, Walker and Blettner (1985) have shown that, in this case, for a cohort study, the total number of subjects needed would increase from 3422 to more than 5984. Also the number of cases needed would double. The same accounts for number of subjects needed in a case -control study (Walker & Blettner, 1985) .
Presence of within-subject variation will bias the estimation of a correlation coefficient or regression slope between nutrient intake and biological variable such as blood pressure or total cholesterol, towards the null (Beaton & Chery, 1986 ). An increase of group size does not eliminate this problem (Beaton et al, 1979) and the within-subject variability is in part due to the real day-to-day variation in an individual's dietary intake (Tarasuk & Beaton, 1992) . The advantage of having multiple recalls collected is that the inter-individual variability obtained will allow a maximisation of the relation between the true and estimated correlation coefficient, as suggested by several authors (Beaton et al, 1979; Liu et al, 1978; Rosner & Willet, 1988) . The days of data collection should, however, not be all consecutive. Tarasuk and Beaton (1991) have shown that adjacent days of intake are interrelated independently of long-and short-term patterns. Estimates of nutrient intake obtained by sampling on consecutive days are more likely to misclassify subjects than those derived from samples on non-consecutive days (Hartman et al, 1990; Tarasuk & Beaton, 1991) .
Mean energy and nutrient intakes were calculated using either six or 12 recalls, depending on the number of recalls needed. Only b-carotene intake needed 16 days in women and 15 days in men for an accurate estimation of intake. When using 12 records the accuracy dropped only slightly from 0.9 to 0.89 in women and to 0.88 in men. Furthermore, the mean energy and nutrient intake decreased over the 4 y of measurement in both sexes. As this phenomenon was also seen when the mean intake per year was calculated using data of exactly the same persons, ie those who completed at least 18 records, we may assume that this decline in energy and nutrient intake was real. It should be noted, however, that subjects may start to eat less or simpler diets on the day of the recall, or that they forget unusual foods, which would increase under-reporting over time. When we looked at the percentage of under-reporting, it increased little over the 4 y (24.6, 25.2, 27.5 and 27.4%, respectively). And although the mean energy intake increased when excluding under-reporters, the decreasing trend over time persisted (from 2395 kcal in the first year to 2247 kcal in the last year for men, and from 1799 to 1706 kcal for women).
In conclusion, a computerised 24 h recall is a relatively easy dietary assessment method for use in large epidemiological studies. When planning such a study it is, however, important to collect a number of repeated recalls on nonconsecutive days allowing an accurate estimation of intake, corresponding to the nutrients of interest
